Previous literature demonstrated the influential role of prediction in processing speech [Brazil, 1981. The place of intonation in a discourse model. In C. Malcolm & M. Montgomery (Eds.), Studies in discourse analysis (pp. 146-157). London: Routledge & Kegan Paul; Grosjean, 1983 . How long is the sentence? Prediction and prosody in the on-line processing of language. Linguistics, 21, 501-529, 1996a. Using prosody to predict the end of sentences in English and French: Normal and brain damaged subjects. Language and Cognitive Processes, 11, 107-134; Snedeker & Trueswell, 2003 . Using prosody to avoid ambiguity: Effects of speaker awareness and referential context. Journal of Memory and Language, 48, 103-130], and of prosody in predicting the eventual syntactic structure of ambiguous sentences [e.g. Snedeker & Trueswell, 2003 . Using prosody to avoid ambiguity: Effects of speaker awareness and referential context. Journal of Memory and Language, 48, 103-130]. Wh-insitu questions contain temporary syntactic ambiguity. One of the languages characterised by wh-insitu questions is Persian. The current research adopted the gating paradigm [Grosjean, 1980. Spoken word recognition processes and the gating paradigm. Perception and Psychophysics, 28, 267-283] to investigate when distinctive prosodic cues of the pre-wh part enable correct identification of wh-insitu questions in Persian. A perception experiment was designed in which gated stimuli were played to Persian native speakers in a forced-choice sentence identification task. In line with our expectation, correct identification responses were given from the beginning of the sentence. The result is discussed in the context of proposals regarding the need to integrate prosody and prediction into models of language and speech processing [Beach, 1991. The interpretation of prosodic patterns at points of syntactic structure ambiguity: Evidence for cue trading relations. Journal of Memory and Language, 30, 644-663; Grosjean, 1983 . How long is the sentence? Prediction and prosody in the on-line processing of language. Linguistics, 21, 501-529, 1996a. Using prosody to predict the end of sentences in English and French: Normal and brain damaged subjects. Language and Cognitive Processes, 11, 107-134].
Introduction
Processing conversational speech is part of language processing. According to Grosjean (1983 Grosjean ( , 1996a , listeners draw on any source of information that can facilitate and accelerate the processing of a conversation. They use past and present information to process sentences up to the point uttered by the speaker and to predict forthcoming information. Prediction can be helpful to the listener in several ways, for example it can focus listeners' attention by reducing the set of possibilities, or it can give listeners time for other activities that can accelerate processing and communication, such as integrating information, storing it and preparing a response. Prediction in speech comprehension is of great importance because it can indicate the sentence type before the end of the sentence and thus accelerate sentence processing and response preparation (Grosjean, 1983 (Grosjean, , 1996a . One source of information in speech processing and prediction of upcoming events is prosody. According to Grosjean (1983 Grosjean ( , 1996a , the role of prosody in processing becomes prominent when other sources of information, such as syntactic information regarding the clause type, are absent from the utterance.
Previous studies on the role of prosody in sentence comprehension (e.g. Snedeker & Trueswell, 2003) indicate that speakers and listeners not only share some implicit knowledge about the correspondence between prosody and syntax, but also can utilise this knowledge to guide their interpretation of syntactically ambiguous sentences. Efficient use of prosody in processing syntactically ambiguous sentences has been demonstrated by multiple researchers (e.g. Beach, 1991; Beach, Katz, & Skowronski, 1996; Carlson, Clifton, & Frazier, 2001; Kjelgaard & Speer, 1999; Nagel, Shapiro, & Nawy, 1994; Snedeker & Trueswell, 2003; Warren, Grabe, & Nolan, 1995) . These studies have revealed that listeners can efficiently use prosody to predict the eventual syntactic structure of sentences that have local or global syntactic ambiguity. In situations of global syntactic ambiguity, the sentence remains syntactically ambiguous even after all lexical information of the sentence has been presented, as in the sentence "I saw a man in the garden with a binocular". The syntactic ambiguity is local if the information in the early parts of the sentence is compatible with several possible structures of the current input, but the information in a later portion of the sentence assigns only one possible grammatical interpretation to the sentence (Beach, 1991) .
The current study focuses on a type of interrogative which typically has local syntactic ambiguity, i.e. wh-insitu questions. Wh-questions can be divided into two categories: (i) fronted wh-questions, and (ii) in-situ wh-questions. Fronted wh-questions are constructed by the obligatory movement of the wh-phrase. This obligatory movement is a syntactic process which results in the movement of the wh-phrase to sentence-initial position (Carnie, 2007; Chomsky, 1977 ; see example 1). (1) a. Mary carries a book. b. What does Mary carry?
English is an example of a fronted wh-question language. However, in some other languages the whphrase does not undergo movement, but it remains in the same site where the non-wh phrase is expected to occur in its declarative counterpart. This phenomenon is known as wh-in-situ: the wh-phrase does not move but stays in the original position where its declarative counterpart is expected to appear. One language characterised by in-situ wh-questions is Persian (Abedi, Moinzadeh, & Gharaei, 2012; Adli, 2007; Gorjian, Naghizadeh, & Shahramiri, 2012; Kahnemuyipour, 2009; Karimi, 2005; Lotfi, 2003; Megerdoomian & Ganjavi, 2000; . In Persian, wh-questions are in-situ by default (see 2b). 1 (2) a maerjaem ʔaesr bɑzi-kaerd. Maryam afternoon play-do.PAST.3SG. "Maryam played in the afternoon." b maerjaem kej bɑzi-kaerd ? Maryam when play-do.PAST.3SG. "When did Maryam play?"
As (2b) illustrates, the syntactic feature relating to the clause type in wh-in-situ questions, namely the whphrase, occurs later in the sentence. Therefore, wh-insitu questions typically have local syntactic ambiguity.
Engaging in a conversation requires the smooth exchange of information. Asking a question is tantamount to eliciting a verbal response from the addressee and people rarely leave long gaps between turns (Brazil, 1981; Sacks, 2004; Sacks, Schegloff, & Jefferson, 1974; Schegloff, 2006; Stivers et al., 2009) . Combining the proposal of minimising gaps between turns (Brazil, 1981; Sacks, 2004; Sacks et al., 1974; Schegloff, 2006; Stivers et al., 2009) and the purpose of asking a question, we can suggest that listeners need to be made aware of the purpose of the speaker to have enough time to process the sentence and prepare a response. Early awareness of the purpose of the speaker facilitates and accelerates sentence processing and response preparation. In other words, the earlier the listeners can predict the syntactic structure of the sentence the more time they will have to prepare a response. The results of the perception study by Shiamizadeh, Caspers, and Schiller (2017a) suggest that the prosody of the pre-wh part of a sentence can help predict sentence type (wh-in-situ questions vs. declaratives) in Persian in the absence of the wh-phrase at the sentence-initial position (see Section 1.1.2). The result of that perception study raises a new question: where in the pre-wh part does the relevant distinctive prosodic information become available to feed the process of sentence type prediction?
Background

Definition of the acoustic correlates
This section presents the definition of the acoustic features reported in the current study. F0 onset is the first voiced frame of a segment (phoneme, word, sentence) (Haan, 2001) . Declination (vs. inclination) is the gradual timedependent lowering of F0 in the course of an utterance or a text (e.g. Cohen & 't Hart, 1967; Liberman & Pierrehumbert, 1984) . A pitch accent is "a local feature of a pitch contourusually but not invariably a pitch range, and often involving a local maximum and minimumwhich signals that the syllable with which it is associated is prominent in the utterance" (Ladd, 2008, p. 42) . H* (high) and L* (low) tones or tone complexes like H*L or LH* are examples of pitch accents in which the starred tone associates with an accented syllable (Gussenhoven, 2004) . Pitch excursion can be defined as "the size of a local pitch movement" (Ladd, 2008, p. 69) . Boundary tones are tones that appear at the edge of prosodic constituents like the intonational phrase (Gussenhoven, 2004) . L% (low) and H% (high) are examples of boundary tones.
Production and perception of Persian wh-insitu questions
In a related study, Shiamizadeh, Caspers, and Schiller (2018) conducted a production experiment in which they compared the prosodic correlates of Persian wh-insitu questions with their declarative counterparts. They investigated whether acoustic correlates of the pre-wh part mark wh-in-situ questions as opposed to declaratives in the absence of the wh-phrase at the beginning of wh-questions. In their production experiment, Shiamizadeh et al. (2018) elicited declarative and wh-in-situ question stimuli from native speakers of Persian. They find that a higher level of pitch mean, a higher F0 onset and a shorter duration of the pre-wh part contribute to the prosodic distinction of the pre-wh part in whquestions as opposed to declaratives. Steeper inclination of the pitch contour and a greater pitch excursion of the pitch accents realised on the pre-wh words are the two additional features that give rise to the prosodic markedness of the pre-wh part in wh-questions. The pitch accents in Persian are described as H* or L + H* in which the starred tone is associated with the stressed syllable (Mahjani, 2003; Sadat Tehrani, 2008) . Figures 1 and 2 demonstrate the prosodic differences explained in this section. For the details of the measurement method of the prosodic features the readers are referred to Shiamizadeh et al. (2018) .
Following the production study, Shiamizadeh et al. (2017a) ran a perception experiment to investigate whether prosodic correlates of the pre-wh part of a sentence can cue correct identification of Persian wh-in-situ questions as opposed to declaratives in the absence of the wh-phrase at the sentence-initial position. A sentence identification task was designed in which the pre-wh part of wh-in-situ questions and their matching declaratives were presented to the participants at once (one-time stimulus presentation). As it turned out, whquestions can be correctly distinguished from declaratives in 90.3% of the cases.
Empirical background
Some perception studies adopt the gating paradigm (Grosjean, 1996a) to try to determine the amount of acoustic-phonetic information required to identify a stimulus, for example a sentence type. The gating technique enables us to limit the amount of information Figure 1 . The acoustic correlates measured in the pre-wh part of a declarative sentence. In the second panel, the solid line is the pitch contour and the dotted line is the regression line. "L" and "H*" represent the valleys and the peaks of the realised pitch accents. The second tier represents the word boundaries. In the pitch stylised panel, only the points designating L and H* are kept and the irrelevant points are deleted. The vertical side of the triangle shows the excursion size of the pitch accents which is computed by subtracting the F0 value of H* (the peak of the accent) from the F0 value of L (the valley of the accent). The non-stylised pitch contour is presented along with the regression line.
input by controlling for the temporal presentation of the acoustic signal. This property helps to determine when in the signal the discriminant acoustic information is accessible to feed the process of comparing competitors 2 and possibly lead to the correct prediction of the target (Beach, 1991) . The gating technique also helps us to assess whether prediction improves as the listener progresses through the acoustic signal (Grosjean, 1983 (Grosjean, , 1996b .
As far as we know, no gating study has been conducted on the role of prosody in identifying Persian interrogative sentences, including wh-in-situ questions. However, there are gating studies that investigate whether and how prosody guides the identification of interrogatives as opposed to declaratives in other languages, namely Castilian Spanish, Neapolitan Italian, Northern Standard German, Dutch, French and Mandarin Chinese (Face, 2005; Gryllia, Yang, Pablos, Doetjes, & Cheng, 2016 September; Petrone & D'Imperio, 2011; Petrone & Niebuhr, 2014; Van Heuven & Haan, 2000; Vion & Colas, 2006; Yang, 2018) . The studies by Gryllia et al. (2016 September) and Yang (2018) are on wh-insitu questions and the other studies focused on yes-no questions or declarative questions. 3 In this section, we will briefly review the results of these studies.
Castilian Spanish yes-no questions do not syntactically differ from declaratives, but they have recognisable prosodic characteristics, namely a raised F0 peak (the high tone in the pitch accent) height in pitch accents and a final F0 rising movement (final F0 rise) (Face, 2004) . Another prosodic feature that disambiguates yes-no questions from declaratives in Castilian Spanish is the presence of pitch accents; in questions, only the first and the last word are associated with pitch accents, while in declaratives every stressed word is associated with a pitch accent. Face (2005) designed a gating paradigm study to investigate whether the acoustic cues of prosody enable listeners to perceive the correct sentence type. The results of his experiment showed that native speakers can correctly distinguish declaratives from yes-no questions in 95% of cases where the first prosodic distinction (height of the initial F0 peak) occurs. Participants could perform with 100% accuracy when the final rise was made audible.
The distinction between yes-no questions and statements in Neapolitan Italian rests on intonation only Figure 2 . The acoustic correlates measured in the pre-wh part of a question. In the second panel, the solid line is the pitch contour and the dotted line is the regression line. "L" and "H*" represent the valleys and the peaks of the realised pitch accents. The second tier represents the word boundaries. In the pitch stylised panel, only the points designating L and H* are kept and the irrelevant points are deleted. The vertical side of the triangle shows the excursion size of the pitch accents which is computed by subtracting the F0 value of H* (the peak of the accent) from the F0 value of L (the valley of the accent). The non-stylised pitch contour is presented along with the regression line. (D'Imperio, 2000) . The nuclear pitch accent (NPA) is the last pitch accent in a sentence. According to Petrone and D'Imperio (2008) , NPA is aligned later in questions than in statements, in the form L + H* in questions but L* + H in statements. The F0 fall after the peak of the pitch accent preceding the NPA is shallower in questions, whereas the F0 falls rapidly from the peak of the prenuclear pitch accent to the end of the accented prosodic word in statements. The boundary tone of both sentence types is low; L-L%. In a perception study based on the gating paradigm, Petrone and D'Imperio (2011) investigate the contribution of the pre-nuclear region to sentence type categorisation in Neapolitan Italian. The results revealed that the prosody of the pre-nuclear region cues question identification (68%) and the accentual phrase boundary tone contributes significantly to question identification. Robust question recognition (above 90%) was achieved upon the presentation of the complete sentence.
German questions can be signalled lexically, syntactically and intonationally (Petrone & Niebuhr, 2014) . According to Petrone and Niebuhr (2014) , questions are not necessarily marked by a high boundary tone (H %) in Northern Standard German. Rather, they can have an L% similar to statements. However, similar to Neapolitan Italian, there are prosodic differences between the statements and questions in the area of the pitch accent preceding the NPA. Independent of the direction of the final F0 movement in questions, the rise of the pre-nuclear accent and its F0 peak are aligned later and its subsequent F0 fall takes longer and is less steep in questions. In a perception experiment based on the gating method, Petrone and Niebuhr (2014) found that F0 differences in the pre-nuclear pitch accent region significantly contribute to identification of questions as opposed to statements in Northern Standard German.
According to Di Cristio and Hirst (1993) , in French a final F0 rising movement and a sequence of lowered pitches preceding the sentence-final rise characterise yes-no questions containing more than two stress groups against their declarative counterparts. Vion and Colas (2006) applied the gating method to examine the role of these prosodic cues in the recognition of French yes-no questions. Their results indicated that lowered pitches preceding the sentence-final rise contribute to the recognition of questions. The accuracy percentage reaches 100% as soon as participants hear the final gate, which presents the whole sentence including the final rise. Vion and Colas (2006) also measured the reaction time to declaratives and questions, reporting that the reaction time to declaratives is shorter than the reaction time to questions.
Van Heuven and Haan's (2000) study showed that Dutch declarative questions are marked against declaratives by an upward trend of the declination line, the presence of a final rise, and a greater excursion size of the pitch accent associated with the object constituent of the sentence. They designed a gating experiment to inspect the influence of acoustic cues in the perception of declaratives versus declarative questions in Dutch. Their findings revealed that the prosodic cues before the final rise considerably contribute to declarative versus interrogative perception (90%). The accuracy was raised to 100% when the participants were exposed to the final rise. 4 Wh-phrases in Mandarin Chinese wh-questions appear in the same position as their non-interrogative counterpart in statements (Gryllia et al., 2016 September) . According to Gryllia et al. (2016 September) , F0, duration and intensity differentiate wh-in-situ questions from declaratives in Mandarin Chinese. They ran a gating experiment to investigate whether prosody cues identification of the clause type (declarative vs. wh-in-situ questions) before the appearance of the wh-phrase. They found that listeners could indeed identify the sentence type based on prosody from the first gate on, i.e. response accuracy to declaratives and questions was 59.6% and 64.6%, respectively. The authors suggested that listeners drew on F0 and duration to decide on the sentence type.
In a production study on Mandarin Chinese wh-in-situ questions, Yang (2018) reported that Mandarin Chinese wh-in-situ questions in which the wh-phrase is preceded by "dianr" can have an interrogative and a non-interrogative interpretation. The production experiment showed that prosodic features differentiate the declarative interpretation from the question interpretation: a) the pre-wh part in wh-questions has a shorter duration than declaratives, and b) the post-wh part in wh-questions has a higher pitch but a smaller F0 range in comparison to the post-wh part in declaratives. Following the production study, Yang (2018) conducted a gating experiment to investigate at what point prosody cues identification of sentence type. In this experiment, only the part of the sentence preceding the wh-phrase was presented. The results showed that listeners can identify the intended sentence type at the first gate, i.e. response accuracy is 59.0% for declaratives and 54.6% for questions. The response accuracy increases to 72.1% for declaratives and 62.1% for questions upon the presentation of the last gate (pre-wh part).
Yes-no questions in Castilian Spanish, Neapolitan Italian, Northern Standard German, and French, as well as declarative questions in Dutch are typical of sentences with global syntactic ambiguity and Mandarin Chinese wh-in-situ questions are sentences with local syntactic ambiguity. The results of the studies by Face (2005), Gryllia et al. (2016 September) , Petrone and D'Imperio (2011) , Petrone and Niebuhr (2014) , Van Heuven and Haan (2000) , Vion and Colas (2006) and Yang (2018) all suggest that prosodic features available in the early parts of the sentence can cue the correct perception of interrogatives with global and local syntactic ambiguity. The efficient role of prosody in the identification of yesno questions, declarative questions and even wh-in-situ questions in one or several languages, implies (however, not necessarily) that the prosodic correlates of the pre-wh part in Persian wh-in-situ questions could also cue prediction of wh-in-situ questions as opposed to declaratives. As such, a separate study is required to investigate the role of prosody in the perception of wh-in-situ questions vs. declaratives in Persian.
Previous gating studies mainly concentrated on yesno questions and declarative questions as globally ambiguous sentences in languages other than Persian.
As to the knowledge of the authors, gating studies on prosody-driven perception of wh-in-situ questions vs. declaratives are limited to Mandarin Chinese (Gryllia et al., 2016 September; Yang, 2018) . This suggests that wh-in-situ question is an understudied question type with respect to the role that prosody plays in decoding it in comparison to its matching declarative. Furthermore, Persian is an understudied language with respect to the role of prosody in sentence type identification and there is no study on the perception of Persian whin-situ questions vs. declaratives. Therefore, investigating the role of prosody in the identification of an understudied question type in an understudied language is the added value of the current study.
Research questions, approach and hypotheses
Research questions and approach
In the perception study by Shiamizadeh et al. (2017a) the pre-wh part was presented to the participants based on one-time stimulus presentation (cf. Section 1.1.2). In contrast with the gating paradigm, one-time stimulus presentation cannot delineate how the preliminary decision whether a sentence is going to be a statement or a question develops over time and cannot determine the amount of acoustic-phonetic information needed to identify a stimulus (Grosjean, 1996a) . This study applied the gating paradigm to answer the following research question: at what point can Persian native speakers use prosodic correlates to predict wh-in-situ questions before the wh-phrase is made audible? 5 The answer to this question can improve current understanding of how prosody guides syntactic interpretation, in particular temporary syntactic ambiguity resolution. It could also contribute to the evaluation of the proposal that integrates prediction into language processing models (Grosjean, 1983; Hale, 2001; Levy, 2008; Snedeker & Trueswell, 2003) , and whether processing models need to account for the fact that a prediction can be reset as more prosodic information becomes available to the listener (Grosjean, 1983 (Grosjean, , 1996a ).
To answer the research question, a forced-choice sentence identification task is designed, in which the gating method of stimuli presentation is applied. Twenty Persian native speakers listened to the gated pre-wh part of 20 wh-in-situ questions and 20 declaratives. After hearing each gate, participants had to decide as quickly as possible which sentence type the stimulus in the gate was extracted from, i.e. a declarative statement or a wh-question. Participants were also asked to show how confident they were about their response by indicating on a confidence scale from one to five.
Hypotheses
From a descriptive point of view, prosodic correlates differentiate wh-in-situ questions from declaratives from the beginning of the sentence, since the F0 onset is higher in questions in comparison with declaratives (cf. Section 1.1.1). We hypothesise that Persian native speakers could start sentence type prediction from the beginning of the sentence, based on the assumption that listeners have the implicit knowledge of the correspondence between sentence type and prosody and are able to use it to process spoken utterances (Snedeker & Trueswell, 2003) . Such evidence includes the fact that high F0 onsets represent questions while low F0 onsets characterise statements. Along the same lines, we predict that identification improves as the amount of discriminating prosodic information increases. Thus, we expect higher rates of correct prediction upon the presentation of the pitch accents which are associated with the pre-wh words.
Methodology
Participants
Twenty native speakers of Persian, ten males and ten females, took part in this experiment. All participants were brought up in Tehran. They came to the Netherlands in 2014 or 2015 to continue their education at the Technology University of Delft. Their age range was between 26 and 40. None of them reported any hearing impairment. The data were collected in February 2016.
Materials
Speaker selection
Some of the sentences produced by native speakers of Persian who participated in the production experiment on the prosodic correlates of Persian wh-in-situ questions (Shiamizadeh et al., 2018 ) (see Section 1.1.1) were used as the materials for this experiment. To control for the effect of gender on the listeners' performance in the perception experiment, we chose both a male and a female speaker.
Selecting the speakers who keep the two sentence types most distinct in their speech would limit the generalizability of the results to only these speakers. To make the results of the current experiment more generalisable, we chose speakers who are the best representatives of 18 participants of the production experiment. Therefore, we selected a male and a female speaker whose mean value of the acoustic measurements were closest to the mean value of the acoustic measurements (cf. Section 1.1.1) in the production of all speakers. (3) Subj 6 Adv Wh-phrase Verb (4) Subj Adv ADO/IDO/AdjT/AdjM/AdjP Verb As (4) shows ADO, IDO, AdjT, AdjM and AdjP replace the wh-phrase in declaratives. Therefore, they will be referred to as declarative wh-phrase counterparts (DWC). Part of the sentence preceding the wh-phrase in wh-questions and the DWC in declaratives, i.e. the subject and the adverb, is referred to as the pre-wh part. The words in the pre-wh part, i.e. the subject and the adverb, will be referred to as pre-wh words. An example of a declarative and a matching wh-question is given in (5a) and (5b). Five different wh-phrases, two different nouns as the subjects, two words as the adverbs, two words in each category of DWC and five verbs were used as sentence constituents of the original stimuli in the production experiment by Shiamizadeh et al. (2018) . The word constituents of the declaratives and wh-questions are presented in Appendix 1.
The subjects and the adverbs in wh-questions and declaratives were associated with a pitch accent, regardless of the wh-phrase and DWC (see Sections 1. 1.1 & 4.1) . Two separate repeated measures multivariate analysis of variance were run to investigate the effect of variation in the words used as the subject and the adverb on the difference between the acoustic features of declarative and wh-question stimuli elicited in the production experiment (c.f. Section 1.1.1). The result of repeated measures multivariate analysis of variances showed that the interaction effect between the nouns used as the subject and the sentence type (F(5,65) = 0.397, p > .05; Wilk's A = .970, h 2 p = .030) and between the words used as the adverb and the sentence type (F(6,12) = 0.432, p > .05; Wilk's A = .968, h 2 p = .032) on the acoustic features of declarative and wh-question stimuli elicited in the production experiment was not significant. Therefore, we decided to include just one noun as the subject and one word as the adverb in the stimuli of the current perception experiment. Variation in other sentence constituents is constant.
The pre-wh part of the sentences was separated from the remaining part of the sentence in Praat version 6.0.04 (Boersma & Weenink, 2014) and was used as the basic stimulus for the current experiment. The process of gating the stimuli is explained in Section 3.2.3. The complete version of each stimulus was played to the participants at the end of the experiment. The complete versions are syntactically unambiguous. The total number of the stimuli of this experiment equals 320 (1 subject × 1 adverb × 2 DWCs × 5 whphrases and the matching verbs × 2 sentence types × 2 speakers × 8 gates). Although only the pre-wh part of the sentences forms the stimuli of the current experiment, variation in the DWCs, the wh-phrases and their matching verbs are included in the formula to clarify how we arrived at 320 stimuli. The number of wh-questions and their matching declaratives was the same across wh-phrases.
Gating procedure
The pre-wh part of the sentence was truncated into seven gates based on the number of the syllables it contained. The first gate contained the first two syllables of the pre-wh part (see 6 and Figures 3 and 4). One syllable was added at the following gates such that each gate contained the previous gate(s) plus one more syllable, e.g. gate 2 includes gate 1 plus the third syllable. Example (6a) presents an example of a stimulus and (6b) illustrates the gates and boundaries. Figures 3 and 4 illustrate the pitch contour and the gates of both a declarative and a question stimulus. The term gate will be abbreviated as "g" in the remainder of the paper.
The truncation point of the gates corresponds with syllable boundaries. Using Praat, syllable boundaries were indicated manually in Praat, then each gate was extracted from the original sound file by running a script.
As (6b) and Figures 3 and 4 demonstrate, at gate 7 the pre-wh part which is ambiguous with regard to sentence type is completely presented. The complete unambiguous version of each item (see 5) was also played. However, it was not presented immediately after gate 7 (i.e. the pre-wh part) of the corresponding item. All of the complete unambiguous versions of the items were presented at the end of the experiment after the first seven gates of all stimuli were played to the participants. The reason for doing this is that hearing the complete unambiguous version of an item immediately after hearing the pre-wh part of the same item can be practice for the participants in identifying the sentence type. Hearing the complete unambiguous version of an item immediately after hearing the pre-wh part of the same item can provide participants with the opportunity to make an association between the prosody of the prewh part and the sentence type. The beginning and the end of the sentences were manually determined in Praat.
Procedure
A forced-choice sentence categorisation task was designed in E-prime 2.0.10 (Psychology Software Tools, 2012). Participants were seated in front of a computer in a quiet room. The experiment started with the emergence of the written instruction on the computer screen. Participants could take as much time as they wanted to read the instructions, and were allowed to ask questions about them if necessary. Next, they were familiarised with the task by means of a practice session. The practice session included two non-experimental items, i.e. two sets of seven gates generated as described in Section 3.2.3. The items were a declarative and a question read by one of the speakers from the production task (Shiamizadeh et al., 2018) . The stimuli were played to the participants through Sennheiser PC 141 Headset headphones. For each sentence, the first seven gates were played one after the other in increasing order. When all seven gates of an item were played, the first gate of the next item was presented. At the end of the practice session participants were presented with the complete unambiguous versions of the same stimuli. Participants were instructed to decide whether what they heard is going to be a wh-question or a declarative. After hearing each stimulus, they had four seconds to opt for either a wh-question or a declarative by pressing either V or M on the keyboard. To help participants to remember which key they needed to press for declaratives and wh-questions, a full stop (for declaratives) and the letter V and a question mark (for wh-questions) and the letter M appeared on two opposite sides (left and right) of the screen at the same time a stimulus was played to them. The right side of the screen corresponds with the M key on the keyboard while the left side of the screen corresponds with the V key of the keyboard. The order in which the full stop and the question mark and the corresponding letters (M or V) were displayed on the screen was fixed for individual participants, whereas it was counterbalanced across participants. After having decided on a sentence type, a question asking how confident the participants were about their response and a five-point confidence scale appeared on the screen, where one means "not sure at all" and five "completely sure". They had four seconds to indicate their confidence by choosing a number from one to five. Two seconds passed as the inter-stimulus interval. If participants did not give a response within four seconds, the experiment proceeded to the next stimulus automatically after two seconds. The presentation order of the items of the practice session was the same for all participants. They were allowed to do the practice session twice if they wanted. Having accomplished the practice session, participants embarked on the main part of the experiment when they felt ready. The main session of 320 items were divided into five blocks. Each of the first four blocks included 70 stimuli, comprising 10 sentences divided into seven gates. The final block contained the complete unambiguous version of the items presented in the previous four blocks. Therefore, block five included 40 stimuli. Participants were instructed to take at least a three-minute break between each two blocks. After the break, they were asked to press the space bar to continue with the next block. Every block started with a warm-up which consisted of two non-experimental items. The purpose of including warm-up items was to prepare participants for the new block after the break. The sequence in which the first four blocks were presented was randomised per participant. However, the fifth block was always presented at the end of the experiment to avoid a practice effect on sentence modality identification, as indicated above. The presentation order of the items within all blocks were randomised per participant. The procedure of the main session was identical to that of the practice session. The experiment took about 40 min to complete.
Data analysis
The responses, reaction time (RT) and confidence rating data were transferred from E-prime to SPSS version 22 (IBM SPSS, 2012) . The response accuracy to declaratives and wh-questions was computed in terms of percentage correct and Aʹ (Stanislaw & Todorov, 1999) . Reaction times were calculated in terms of the time lapse between the stimulus offset and the response (all RT data are reported in seconds). Three separate two-way repeated measures ANOVAs (RM-ANOVA) were run on the accuracy, RT and confidence rating data in order to investigate the effect of sentence type, gate, and their interaction. The assumptions of the RM-ANOVA were met. Table 1 gives the accuracy of sentence type perception for each sentence type across gates, indicating that response accuracy to declaratives is higher than response accuracy to questions. Mean response accuracy to questions and declaratives at gate one (75.50%) is above chance level (t (19) = 29.417, p < 0.01).
Results
Response accuracy
Responses are transformed to Aʹ to correct for a possible response bias (Stanislaw & Todorov, 1999) . The mean Aʹ score for each gate is presented in Figure 5 .
To investigate the effect of gate number, sentence type, as well as the interaction between gates and sentence type on response accuracy, a two-way RM-ANOVA was run, with aggregated response as the dependent variable and gate number and sentence type as independent variables. The multivariate test demonstrated that the main effect of gate (F (7,13) = 12.249, p < .001; Wilks' Lambda = .135, h 2 p = .865; response accuracy increases as the gate number increases) and sentence type (F (1,19) = 7.577, p < .02; Wilks' Lambda = .715, h 2 p = .285; response accuracy to declaratives is higher than to questions) is significant. On the other hand, the interaction effect of sentence type and gates (F (7,13) = 1.617, p > .05; Wilks' Lambda = .535, h 2 p = .465) on response accuracy is revealed to be insignificant. Pairwise comparison tests using Bonferroni correction (see Table 2 ) demonstrated that the differences between all gates except for gate 2 and 3, 3 and 4, 3 and 5, 4 and 5, 4 and 6, 5 and 6, 5 and 7, 4 and 7, 6 and 7 were significant (p < .01). 7 
Reaction time analysis
RT is calculated as the time lapse between the stimulus offset and the response (all RT data are reported in seconds). In cases where the response was given before the stimulus offset, we have a negative reaction time. 8 As Table 3 illustrates, the RT to declaratives was shorter than the RT to wh-questions within each gate. According to Figure 6 , the RT to stimuli decreases as the gate number increases, likely reflecting the increased availability of prosodic information as the gate number increases.
All RT data were submitted to a two-way RM-ANOVA with sentence type and gate as independent variables. According to the multivariate test, sentence type (F (1,19) = 11.583, p < .01; Wilks' Lambda = .621, h 2 p = .379; longer RT to questions than to declaratives), gate (F (7,13) = 38.080, p < .001; Wilks' Lambda = .047, h 2 p = .953; RT decreases as gate number increases) and the interaction of sentence type and gate (F (7,13) = 4.512, p < .01; Wilks' Lambda = .292, h 2 p = .708; at gates 4, 5 and 7, RT to declaratives was significantly shorter than to questions) significantly affected RT. Pairwise comparison tests revealed that the difference between RT to all gates is significant (p < .05) except for the difference between gate 5 and 6 (p > 0.5). The p-value was adjusted for multiple comparisons using a Bonferroni correction.
Confidence rating
As observable in Figure 7 , participants' confidence in their responses increased as the gate number also increased. This is in line with the results regarding response accuracy and RT to different gates, namely that response accuracy increased and RT decreased as the gate number increased.
A two-way RM-ANOVA was administered with sentence type and gate as independent variables and confidence rating as the dependent variable. The main effect of gate (F (7,13) = 20.872, p < .001; Wilks' Lambda = .082, h 2 p = .918; confidence increases as the gate number increases) was revealed to be significant. However, the main effect of sentence type (F (1,19) = 0.162, p > .05; Wilks' Lambda = .992, h 2 p = .008), and the interaction of sentence type and gate (F (7,13) = 0.276, p > .05; Wilks' Lambda = .871, h 2 p = .129) were non-significant. Pairwise comparison tests indicated that the difference between all gates with respect to confidence rating is significant p < .01. The p-value was adjusted for multiple comparisons using a Bonferroni correction.
Discussion
The aim of this study was to investigate at which point in the pre-wh part of a sentence the distinctive prosodic correlates to sentence modality contrast enable participants to predict the sentence type. The results confirm our hypotheses that listeners may start sentence type prediction from the first gate (75.5%) and identification improves as the amount of discriminating prosodic information increases.
As Figures 3 and 4 illustrate, only two syllables are presented at gate 1. According to Shiamizadeh et al. (2018) , the prosodic characteristic of questions available at gate 1 is the higher F0 onset. The significant difference between response accuracy to gate 1 and the other gates can be explained by the prosodic information available at gate 1. The significant difference in accuracy between gate 1 and gate 2 and gate 1 and gate 3 might be explainable by the steeper inclination and the decreased duration of the questions, which is perceptible when more syllables are audible.
The subject of the sentence was completely presented at gate 4 (see Figures 3 and 4) . The pitch accent associated with the subject is presented at this gate. At gate 7, the adverb is entirely presented and the pitch accent realised on it is made audible (see also Figures 3 and 4) . The larger excursion size of the pitch accents realised on the subject and the adverb are the other prosodic features that characterise the pre-wh part in Persian wh-in-situ questions (Shiamizadeh et al., 2018) . This can account for the significant difference in the response accuracy between gates 1 and 4, 1 and 5, 1 and 6 and 1 and 7. The difference in the accuracy between gates 2 and 4, 2 and 5, 2 and 6 can be possibly explained by the emergence of the subject pitch accent at gate 4. The audibility of the pitch accent on the subject and adverb, the shorter duration and the steeper inclination of questions can explain the significant difference between the response accuracy to gates 2 and 7.
The insignificant difference between the response accuracy to gates 3 and 4, 3 and 5 suggests that the larger excursion size of the subject pitch accent could not be the only reason for the difference between gates 3 and 6, and 3 and 7. Since the pitch accent on the adverb is not audible at gate 6 and the difference between gates 4 and 7 is not significant, the larger excursion of the adverb pitch accent cannot be mentioned as the only reason for the difference between gates 3 and 6, 3 and 7 as well. Therefore, we can suggest that the combination of the differences in inclination, duration and pitch accent excursion are the possible justifications for the differences between the response accuracy to gates 3 and 6, and 3 and 7.
Based on the insignificant increase in response accuracy from gate 4 to gate 7 (2.3%, p > 0.5; see Table 2 ), we can propose that the prosodic information until gate 4 provides a strong cue to sentence type identification.
The difference between RT to gate 5 and 6 is not significant. The pitch movement on the first two syllables of the adverb paeriruz "two days ago" can account for this insignificant decrease in RT. Gate 6 presents the pre-wh part of the sentence until the end of the second syllable of the adverb (see Figures 3 and 4 ). The first two syllables of the adverb paeri represent a female name in Persian. Since the word paeri is a content word, a pitch accent must be associated with its second syllable -ri (Mahjani, 2003; Sadat Tehrani, 2008) . The syllable -ri is presented at gate 6. However, since the word paeri is part of the content word paeriruz, no pitch accent is realised on -ri (see Figures 3 and 4) . It can be proposed that not hearing a pitch accent on ri makes listeners uncertain about the sentence type. This uncertainty implies that the participants need more time to decide on the sentence type.
Although sentence type identification was high (89.20%) at gate 4 and there was no significant increase in identification responses from gate 4 to gate 7, the highest confidence rating (4.45 on a scale of 5) in sentence type recognition is achieved at gate 7. This implies that although listeners could correctly predict the sentence type at early gates, they may only confidently focus their attention on the process of response preparation at a later gate (that is, later in the utterance), when they are highly confident of the sentence type. Another implication of this finding is that it is possible that prediction can be reset as the listener progresses through the acoustic signal. This is in line with sentence processing theories (e.g. Hale, 2001; Levy, 2008) which state that predictions change as the sentence unfolds. Possible support for the resetting of predictions lies in the significant increase in confidence rating as the sentence unfolds, along with the presentation of gates. In other words, more distinctive prosodic correlates are presented as the sentence unfolds in gates.
Response accuracy to declaratives was shown to be higher than response accuracy to questions. Higher response accuracy to declaratives has been reported in earlier perception studies (Shiamizadeh et al., 2017a; Vion & Colas, 2006) . In line with the results of other perception studies on the role of prosody in sentence type identification (Shiamizadeh et al., 2017a; Shiamizadeh, Caspers, & Schiller, 2017b; Vion & Colas, 2006) , declaratives also have shorter reaction times in comparison to questions. A possible reason for the decreased RTs and the higher response accuracy to declaratives could be the higher frequency of declaratives in comparison to questions in daily conversation (as suggested by Van Heuven and Haan (2000) and Vion and Colas (2006) ).
Comparing the result of the current experiment with that of the previous studies confirms Lindblom's (1990) hyper-and hypo-theory of speech production. According to Van Heuven and Haan (2000) , the hyper-and hypotheory of speech production (Lindblom, 1990) suggests that prosodic interrogativity marking will be weaker when lexico-syntactic interrogativity markers are available in the sentence, whereas prosodic interrogativity cues will be stronger when lexico-syntactic features of interrogativity are absent in the sentence. Similar to the distinction between yes-no questions and statements in Castilian Spanish, French and Neapolitan Italian and between declarative questions and statements in Dutch, the distinction between the pre-wh part in wh-in-situ questions and declaratives in Persian rests on intonation only (see Section 1.1.2). However, the accuracy of the identification of yes-no or declarative questions vs. statements in Castilian Spanish, Dutch, French and Neapolitan Italian upon the presentation of the complete sentence is higher than the accuracy of the identification of wh-questions vs. declaratives in Persian upon the presentation of the pre-wh part. 9 This difference suggests that the prosodic cues will be stronger in globally ambiguous yes-no and declarative questions in comparison to locally ambiguous wh-insitu questions.
In addition to Lindblom's (1990) theory, the general result of this research corroborates several other proposals suggested in the literature. First, prosody plays a prominent role in processing syntactically ambiguous sentences (e.g. Beach, 1991; Beach et al., 1996; Carlson et al., 2001; Kjelgaard & Speer, 1999; Nagel et al., 1994; Snedeker & Trueswell, 2003; Warren et al., 1995) and models of spoken sentence processing may need to integrate the (online) use of prosody in interpreting these constructions (Beach, 1991) . Second, interlocutors may share the implicit knowledge that there is a syntaxprosody correspondence and draw on this knowledge to resolve the ambiguity of syntactically ambiguous sentences (Snedeker & Trueswell, 2003) . Third, prediction can be reset as more prosodic information is provided to the listener (Grosjean, 1983) .
The first distinctive prosodic feature in Persian wh-insitu questions is the F0 onset which has an efficient role in sentence type perception at the first gate (the first two syllables of the sentence). However, the studies presented in Section 1.1.2 do not report significant differences between the F0 onset of questions and statements. Upon the presentation of the first distinctive prosodic feature, the accuracy of identification of whquestions as opposed to declaratives in this study is higher than the accuracy of the perception of interrogatives vs. declaratives in Dutch, French and Mandarin Chinese. Therefore, it may be proposed that the effect of prosody on the identification of Persian wh-in-situ questions vs. declaratives is earlier and richer in comparison to its effect on the identification of interrogatives vs. declaratives in some of the other languages reported in the literature.
Conclusion
This study illustrates that the distinctive prosodic correlates to sentence modality contrast enable participants to predict the sentence type early in the utterance. The results corroborate some of the theories and proposals on the role of prosody in speech production (Lindblom, 1990) and the role of prosody (e.g. Snedeker & Trueswell, 2003) and prediction (e.g. Grosjean, 1983; Levy, 2008) in sentence processing.
There are some limitations on the generalizability of the results of the current experiment to models of language processing. Listeners will draw upon any and all information that may facilitate language processing (Grosjean, 1983) . The amount of attentional resources that a listener can allocate to the process of perceiving a particular source of information is limited (cf. Norman & Bobrow, 1975) and is different across different sources of information (Wales & Taylor, 1987) . Wales and Taylor (1987) argued that fewer attentional resources are allocated to processes of intonation perception than processes of lexical or syntactic encoding. The stimuli of the current study have no lexical or syntactic cues to sentence type. Other cues to sentence type, e.g. visual cues (House, 2002) , are absent as well since this experiment is conducted in a laboratory setting. This may lead listeners to devote more attentional resources to perception of prosody than the amount of attentional resources usually allocated to prosody when processing language outside of the laboratory (see also Vion & Colas, 2006) .
Though the gating paradigm can determine whether prosodic information can be used by the listener to give a response in a laboratory setting, it cannot demonstrate if listeners use this information during online processing (Grosjean, 1983) . Therefore, the current experiment does not provide direct evidence for the role that prosody plays during online language processing. Neurolinguistic research techniques, such as electroencephalography (EEG), are needed to examine the online use of prosody in the identification and processing of wh-in-situ questions; see e.g. Liu, Chen, and Schiller's (2016) study in which a P300 effect was found to distinguish between question and statement processing in Mandarin Chinese. Furthermore, due to their fine-grained time resolution, EEG experiments can give additional insights into the time course of prosody processing.
Notes
1.
kej maerjaem bɑzi-kaerd? when Maryam play-do.PAST.3SG. "When did Maryam play?" 2. In this paper, the competitors are statements and whquestions in Persian. 3. The declarative question is sometimes considered as a subtype of yes-no questions (Quirk, Greenbaum, Leech & Svartvik, 1972) . Formal markers of interrogativity are absent in the declarative question. Thus, lexico-syntactically, it is identical to the corresponding declarative sentence. 4. The values of accuracy percentage reported here are based on the figure that presents the percentage of correct response across sentence type in Van Heuven and Haan (2000) . 5. The successive presentation nature of the gating paradigm may make listeners stick to their earlier choice, even when additional information to the identification of the target is provided (Craig & Kim, 1990; Grosjean, 1996b) and facilitate the identification of the target (see e.g. Cotton & Grosjean, 1984; Salasoo & Pisoni, 1985) . This means that a gating experiment does not necessarily yield the same results as one-time stimulus presentation (e.g., Salasoo & Pisoni, 1985) . Therefore, the current perception experiment based on the gating paradigm was preceded by the perception experiment based on one-time stimulus presentation (Shiamizadeh et al., 2017a ). 6. Subject is abbreviated as Subj, adverb as Adv, animate direct object as ADO, inanimate direct object as IDO, adjunct of time as AdjT, adjunct of manner as AdjM and adjunct of place as AdjP. 7. A separate RM-ANOVA was run with gate number as the independent variable and Aʹ scores as the dependent variable. A main effect of gate on Aʹ was found (F (7,13) = 7.698, p < .003; Wilks' Lambda = .217, η p 2 = .783). The result of the pairwise comparison tests using a Bonferroni correction was similar to the result of the pairwise comparison tests of the effect of gates on percentage of response accuracy: the differences between all gates except for gate 2 and 3, 3 and 4, 3 and 5, 4 and 5, 4 and 6, 5 and 6, 5 and 7, 4 and 7, 6 and 7 (p < .01). 8. 16.9% ( f = 1084) of the stimuli (18.2% ( f = 581) of declaratives and 15.7% ( f = 503) of wh-questions) were responded to before the stimulus offset. 9. The exact value of the response accuracy upon the presentation of the complete sentence in German and Neapolitan Italian is not reported, but an inspection of the figures in the relevant papers suggests that response accuracy is around or above 95%.
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